Aims. The main goal of this study is to compile a catalogue including the fundamental parameters of a complete sample of 277 star clusters (SCs) of the Large Magellanic Cloud (LMC) observed in the Washington photometric system, including 82 clusters very recently studied by us. Methods. All the clusters' parameters such as radii, deprojected distances, reddenings, ages and metallicities have been obtained by appyling essentially the same procedures which are briefly described here. We have used empirical cumulative distribution functions to examine age, metallicity and deprojected distance distributions for different cluster subsamples of the catalogue. Results. Our new sample made up of 82 additional clusters recently studied by us represents about a 40% increase in the total number of LMC SCs observed up to now in the Washington photometric system. In particular, we report here the fundamental parameters obtained for the first time for 42 of these clusters. We found that single LMC SCs are typically older than multiple SCs. Both single and multiple SCs exhibit asymmetrical distributions in log (age). We compared cluster ages derived through isochrone fittings obtained using different models of the Padova group. Although t G and t B ages obtained using isochrones from Girardi et al. (2002) and Bressan et al. (2012) , respectively, are consistent in general terms, we found that t B values are not only typically larger than t G ages but also that Bressan et al.'s age uncertainties are clearly smaller than the corresponding Girardi et al. values.
Introduction
The Magellanic Clouds have long been considered an ideal laboratory to study a variety of objects and phenomena in nearby galaxies. In particular, the Large Magellanic Cloud (LMC) has been a target of intensive research because of its proximity and its almost face-on position in the sky (Harris & Zaritsky 2009 ), which facilitates a detailed analysis of its stellar populations. Various studies of LMC star clusters (SCs) have shown that these stellar populations differ from Galactic SCs in their typical radii, masses, kinematics, age distribution, etc. The nature and cause of the so called cluster age-gap of approximately 3 to about 12 Gyr, with only a single cluster lying in this range in the LMC ) still remains of great interest, even more so if it is taken into account that a variety of HST observations have revealed that the corresponding age-gap in the field stars does not exist (e.g., Holtzman et al. 1999; Smecker-Hane et al. 2002) . Unfortunately, this vast cluster age-gap does not allow us to use SCs to trace the chemical enrichment and star-formation history of the LMC during such a long period of quiescence. However, the great abundance of clusters outside of this gap make them excellent tracers of these quantities otherwise.
The Washington photometric system, originally defined to study G and K late-type stars and old stellar populations (Canterna 1976 ) and later calibrated by Geisler et al. (1991) , has been widely applied to young, intermediate-age and old clusters in the Galaxy (e.g., Clariá et al. 2007; Piatti et al. 2009a ) and in the Magellanic Clouds (e.g. Geisler et al. 2003) . This system has proved to be an excellent tool to determine a variety of astrophysical parameters such as distances, interstellar absorption, ages and particularly chemical abundances (metallicities) for SCs as well as for field stars located in the cluster surrounding regions. The advantages that this system offers to study Galactic and/or extragalactic SCs have been demonstrated by Geisler et al. (1991 Geisler et al. ( , 1997 and Geisler & Sarajedini (1999) . In particular, the combination of the Washington system C and T 1 filters is approximately three times more metallicity-sensitive than the corresponding VI standard giant branch technique. This, combined with the Washington system's broad and efficient passbands, makes it a very powerful tool for exploring stellar populations in both nearby and especially more distant galaxies. In addition, has shown that the system can be made even more efficient by substituting the Kron-Cousins R filter for the standard Washington T 1 filter. In fact, the R filter has a very similar wavelength coverage but a significantly higher throughput as compared to the standard Washington T 1 filter. Therefore, R instrumental magnitudes can be easily and accurately transformed to yield standard T 1 magnitudes. As shown by Geisler & Sarajedini (1999) , the combined use of the A&A proofs: manuscript no. paper C and R filters allows us to derive accurate metallicities based on their standard giant branch (SGB) technique. Using LMC SCs observed in the Washington photometric system, we have recently examined the chemical enrichment history of the LMC during the last 2-3 Gyr .
The fundamental parameters of a total of 195 LMC SCs have been determined using the Washington system in a number of papers over the years. A short description of the selected sample criteria is summarized in Table 1 . We have recently published the results obtained for 40 unstudied or poorly studied SCs . In the current study, we report the results obtained for another 42 LMC SCs, all of them observed in the Washington system. Thus, this combined sample of 82 clusters represents about a 40% increase in the total of LMC clusters observed and studied up to this moment in the Washington photometric system. Since all the clusters' parameters were obtained by applying essentially the same procedures, this group of objects represents a uniform and homogeneous cluster sample. Although the total sample still represents only a tiny fraction of the very populous LMC SC system, it is in fact one of the largest and most uniform LMC SC samples available and thus a catalogue uniting the combined information in a single dataset should be of substantial general astrophysical use.
Observations
We have compiled a catalogue including a total of 277 LMC SCs studied in the Washington system. All the photometric observations of these SCs were carried out at Cerro Tololo InterAmerican Observatory (CTIO, Chile), using the Wahington C and T 1 filters (Canterna 1976 ) and the Kron-Cousins R filter. As mentioned in Palma et al. (2015) , our new sample of 82 SCs was observed with the CTIO "Víctor Blanco" 4 m telescope in December 2000. The CTIO 0.9 m telescope was used by Geisler et al. (1997 Geisler et al. ( , 2003 , Bica et al. (1998) and Piatti et al. (2002 Piatti et al. ( ,b, 2009b Piatti et al. ( , 2011 , while the observations reported by , Piatti ( , 2012 ; Palma et al. (2013 Palma et al. ( , 2015 and Choudhury et al. (2015) were also carried out with the CTIO 4 m telescope. Only one LMC cluster (NGC 2213) was observed with the CTIO 1.5 m telescope. The seeing at CTIO was typically 1-1.5 arcsec during all the observing nights.
The total cluster sample is presented in Table 2 , where we list the various star cluster designations from different catalogues, 2000.0 equatorial coordinates, Galactic coordinates, and the cluster core radii given by Bica et al. (2008) . These core radii constitute half of the mean apparent central diameters obtained by computing the average between the major (a) and minor (b) axes. Figure 1 shows a distribution map of the whole sample of LMC clusters studied in the Washington photometric system superimposed on the LMC image. The dashed lines delimit the LMC bar region. Filled circles represent the 82 clusters of our recent sample, while plus signs stand for clusters studied by other authors using the same technique and analysis procedures.
Fundamental parameters
The procedures applied by both ourselves as well as other authors to determine the LMC SCs fundamental parameters in Fig. 1 : Distribution map of the whole sample of star clusters studied in the Washington photometric system superimposed on the LMC galaxy image. Filled circles represent the 82 clusters of our own sample, while plus signs stand for clusters studied by other authors using the same technique and analysis procedures. The cross indicates the geometrical centre of the bar (Bok 1966) . The credits for the background image belongs to Bothun & Thompson (1988) , Kennicutt et al. (1995) and Parker et al. (1998). the Washington system are briefly described below. For further details see Palma et al. (2013) and references therein.
Cluster radii: the procedure generally applied to determine a cluster's radius is based on obtaining the radial profile of the stellar density surrounding the cluster. Firstly, it is necessary to determine the cluster centre through Gaussian distribution fits to the star counts performed in the x and y directions. The most important sources of uncertainty in the placement of cluster centres come from the relatively small ratio between the number of cluster and field stars, and the projected intracluster fluctuations due to both cluster and field star density variations. Then, the cluster radial profile is built by computing the number of stars per unit area at a given radius r. Once the level of the background is estimated beyond the observed cluster boundary, the radius of the cluster is defined as the distance from the cluster's centre where the number of stars per unit area (cluster+background) equals that of the estimated background level. Error estimates for the radii range typically between 0.05' and 0.2', according to the telescope used, the concentration of the cluster and the position within the LMC. Examples of the procedure here described to determine clusters' radii can be seen in Palma et al. (2013) . In a few cases, when the clusters appear to be too faint if compared to the "noisy" background, the core radii reported by Bica et al. (2008) were adopted. Angular deprojected distances: the angular deprojected distance of a LMC cluster is the distance, measured in degrees, from the optical centre of the LMC to the cluster, taking into acArticle number, page 2 of 18 T. Palma et al.: Catalogue of LMC star clusters observed in the Washington system. Geisler et al. (1997) 25 Search for old SC candidates 0.9m Bica et al. (1998) 13 SC properties in the outer LMC 0.9m Piatti et al. (2002) 2 Cluster age gap and first metallicity determination 0.9m Geisler et al. (2003) 8 Metallicity determinations for some SCs from Geisler et al. (1997) 0.9m 11 Blue SCs in the west region of the LMC bar 0.9m 6 Systematic study 0.9m Piatti et al. (2009b) 5 Systematic study; mostly unstudied clusters 0.9m 36 Bursting forming episode 4m Palma et al. (2011) 4 Systematic study; unstudied clusters 4m Piatti (2012) 26 Enlarging the sample of SCs in the 100-1000 Myr age range 4m Palma et al. (2013) 23 Systematic study; mostly unstudied clusters; age/metallicity gradients 4m Piatti (2014) 90 Search for genuine SCs and age determinations 4m Palma et al. (2015) 17 Systematic study; mostly unstudied clusters; age-metallicity relation 4m Choudhury et al. (2015) 45 Search for genuine SCs and characterization 4m count the depth of the LMC and is computed using the following expression (Clariá et al. 2005) :
where d is the cluster angular deprojected distance, d(p) the angular projected distance on the plane of the sky, p the position angle of the cluster (measured in the usual sense towards E starting from N), p ′ the position angle of the line of nodes and i the tilt of the LMC plane to the plane of the sky. The position of the cluster NGC 1928 (J2000, α = 5 h 20 m 47 s δ = −69
• 28 ′ 41") was adopted as the LMC optical centre. To compute d from equation (1), we adopted i = 35.8
• ± 2.4
• and p ′ = 145
• for the tilt of the LMC plane and the position angle of the line of nodes, respectively (Olsen & Salyk 2002) . We carried out an error analysis in order to measure the uncertainties involved in the geometric parameters. We found that our estimated error in deriving this quantity increases with the angular projected distance reaching a maximum value of ∼ 0.3 • .
Interstellar reddening and cluster distances: clusterreddening values have usually been estimated by interpolating the extinction maps of Burstein & Heiles (1982) . These maps were obtained from HI (21 cm) emission data for the southern sky and provided us with foreground E(B − V) colour excesses, which depend on the Galactic coordinates. As shown in Col. 4 of Table 2 , the resulting E(B − V) values for the whole cluster sample range between 0.00 and 0.23, which are typical values for the LMC. As explained in previous studies, we preferred not to use the full-sky maps from 100-µ dust emission obtained by Schlegel et al. (1998) since the dust temperature and reddening derived from pointing towards the LMC and other bright extragalactic sources are not reliable in these cases (e.g. Piatti et al. 2011) . As for the cluster distance moduli, the value of the LMC true distance modulus (m − M) 0 = 18.50 ± 0.10 reported by Saha et al. (2010) has always been adopted. According to Subramanian & Subramaniam (2009) , the average depth for the LMC disc is 3.44 ± 0.16 kpc. Keeping in mind that any LMC cluster could be situated in front of or behind the main body of the LMC, we come to the conclusion that the difference in apparent distance modulus could be as large as ∆(V − M V ) ∼ 0.3 mag. Given that the average uncertainty when adjusting the isochrones to the cluster colour-magnitude diagrams (CMDs) is 0.2-0.3 mag, adopting one single value for the distance modulus of all the clusters should not dominate the error budget in the final results.
Ages and metallicities: cluster ages and metallicities have been usually determined by applying two different and independent procedures. In both cases, however, it is necessary to first obtain the observed cluster (C − T 1 , T 1 ) CMD and then to minimize the field star contamination in this diagram. The CMDs of the 82 clusters of our recent sample were cleaned by using a statistical method developted by Piatti & Bica (2012) . Once the cleaned CMDs of the clusters are obtained, the first method consists in selecting a set of theoretical isochrones corresponding to different ages and metallicities and superimposing them on the cleaned cluster CMDs, once they were properly shifted by the corresponding E(B − V) colour excess and LMC distance modulus. The age and metallicity adopted for each cluster are those corresponding to the isochrone which best matches the shape and position of the cluster main sequence (MS), particularly at the turn-off (TO) level, as well as the T 1 magnitude of the red giant clump (RGC). To apply this method, theoretical isochrones computed for the Washington system by the Padova group (Girardi et al. 2002; Bressan et al. 2012) and Geneva group (Lejeune & Schaerer 2001) have been used. Lejeune & Schaerer (2001) and Girardi et al. (2002) Girardi et al. (2002) isochrones, for the present analysis we have used Bressan et al. (2012) isochrones for the entire sample because the latter include much smaller intervals in chemical composition (Z) than those used by Girardi et al. (2002) . Thus, more precise fits could then be obtained. In general, the different sets of theoretical isochrones both from Padova and Geneva lead to nearly similar results. The differences arising when different sets of isochrones of the Padova group are used can be seen in Figure 5 .
A second method to derive cluster ages is based on the δT 1 parameter, defined as the difference in T 1 magnitude between the RGC and the MSTO in the Washington (C − T 1 , T 1 ) CMD.
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The age is obtained from the following equation given in Geisler et al. (1997) :
with a typical error of ±0.3 Gyr. Age determination via δT 1 , however, is applicable only to intermediate-age (IACs) and/or old clusters, i.e., generally older than 1 Gyr. Even though some clusters appeared to be IACs (1-3 Gyr), it was not possible to determine their ages from δT 1 due to the fact the RGC in their CMDs was not clearly visible. This happened because sometimes the central regions of the clusters seem to be saturated, or there are just very few RC stars in some faint clusters, or else they are not photometrically well resolved in the images. In these cases, the RG stars are missing or poorly defined and therefore no clump can be clearly detected in the CMDs. The resulting δT 1 values and the corresponding cluster ages are listed in Col. 7 of Table 3 .
Metallicities have also been obtained utilizing the SGBs of Geisler & Sarajedini (1999) by placing the observations in
Each SGB corresponds to an iso-abundance curve. As these authors pose, however, this procedure can be applied only to SCs aged 2 Gyr or older. Geisler & Sarajedini (1999) demonstrated that the metallicity sensitivity of the SGBs is three times higher than that of the V, I technique (Da Costa & Armandroff 1990) . Consequently, it is feasible to determine metallicities three times more precisely for a given photometric error. The SGB method consists of inserting absolute M T 1 magnitudes and intrinsic (C − T 1 ) 0 colours for the clusters into Fig. 4 of Geisler & Sarajedini (1999) to roughly derive their metal abundances ([Fe/H]) by interpolation. The metallicities derived through this method were corrected for age effects for younger clusters, following the recommendations made by Geisler et al. (2003) . The resulting age corrected metallicities are shown in Col. 8 of Table 3 , with typical errors of 0.3 dex.
Catalogue description
We have compiled a catalogue in which we included the fundamental parameters of 277 LMC SCs observed in the Washington photometric system. All these clusters have been studied and analyzed in a homogeneous way. The same procedures have been applied not only by our team but also by the other studies used in this compilation. The catalogue presented in Table 3 is structured as follows:
-ID: cluster designations from different catalogues. -Cluster radius: distance r in arcminutes from the cluster's centre up to the region where the stellar density equals that of the background. -Angular deprojected distance: distance, measured in degrees, from the LMC optical centre to the cluster. -E(B-V): cluster reddening.
-Age I : age in gigayears determined from isochrone fittings.
-[Fe/H] I : metallicity determined from isochrone fittings. -Age II : age in gigayears derived from the δT 1 method.
-[Fe/H] II : metallicity estimated from the SGB procedure of Geisler & Sarajedini (1999) .
-Notes: letters a, b and c indicate that the clusters have also been studied in other photometric systems. Letter m denotes that the cluster is part of a binary or a multiple system (Dieball et al. 2002 ). -Ref: references to the works from which we took the fundamental parameters determined by other authors in the Washington photometric system.
Statistical analysis

The empirical cumulative distribution function (ECDF)
Although the age and metallicity distributions of the LMC SCs can be examined and compared by computing their respective histograms, the corresponding empirical cumulative distribution functions (ECDFs) are preferred since they are independent of the particular selection of the binning function employed to build the histograms. The ECDF of a random sample of observations x 1 , x 2 , ..., x n is a function F n (t) given by the fraction of objects in the sample which are equal to or lower than an arbitrary value t. This function is equivalent to the original data. Its use avoids the loss of information brought about by the rounding off that results from placing the data in integer bin units when histograms are constructed (e.g. Drion 1952 ).
The ECDF can also be used to compare two samples and assess whether they are intrinsically different or just random realizations of the same parent distribution which appear different because of the stochastic nature of the data. The maximum difference between the two ECDFs, denoted by D, is commonly used as an indicator of the distinctiveness of the two data sets. This is the basis of the Kolmogorov-Smirnov test or KS-test (e.g. Press et al. 1992) , which allows one to quantitatively contrast the hypothesis that the two samples are drawn from the same parent distribution to a given significance level, with the alternative hypothesis that the two samples are not taken from the same population. The statistic of this test has a known distribution that permits computing the p-value, i.e., the probability of obtaining, in two random samples, a value of the variable D equal to or larger than the one observed for the two particular data sets. Being nearly distribution free, this statistic is fairly easy to compute (Ross 2012).
Statistical results
We adopted the above defined ECDF to study the age and metallicity results obtained for different LMC cluster samples. The ECDF was also used to analyze the advantages of employing different sets of theoretical isochrones. Four different LMC SC samples are considered for our statistical analysis. The first of these samples, called S0, includes all the SCs whose ages and metallicities have been determined by any other procedure. A second sample (S1) includes the 82 SCs of our own recent sample. A third (S2) is made up of all 277 SCs that have been observed and studied in the Washington photometric system up to this moment, i.e. this catalogue. A fourth sample (S3) represents the difference S2-S1. Table 4 shows the designations given to the different LMC cluster samples considered.
Metallicity distributions
Panel ( sponding to cluster samples S2 (empty bars) and S1 (dashed bars), respectively. Although the metallicity distribution of the clusters belonging to S2 is narrower compared to that of cluster sample S1, the locations of the peaks of these two distributions are very similar within the errors (< [Fe/H] >= -0.39 and -0.42 for S2 and S1, respectively). In fact, a t-test for the difference of the mean metallicity values yields a result consistent with zero, to a statistical significance level of 95%. Given the statistical evidence, it is not possible to conclude that there is a significant difference between samples S1 and S2. This suggests that S1 and S2 come from the same parent distribution as far as metallicity is concerned. Also, the kurtosis is positive for the two samples (5.5 and 3.2 for S1 and S2, respectively), which indicates that although the S2 distribution is more concentrated around its mean value, both S1 and S2 are distributions narrower than what would be expected from a Gaussian distribution. More than 60% of the clusters in S2, for example, have metallicities in the [-0.45, -0.35 ] range, in contrast with less than 30% of the clusters in S1, for the same metallicity range. This difference may be due to the fact that for most of the clusters in the S2 sample, metallicities have a fixed value of -0.4 dex. In panel (b) of the same figure, the metallicity ECDFs obtained using Girardi et al. (2002) and Bressan et al. (2012) isochrone sets are shown by dashed and solid lines, respectively. Note that Girardi et al. (2002) models only admit the adoption of discrete metallicity values (-0.7, -0.4 and 0.0 in our case). Note as well that there is a large jump in the metallicity ECDF at [Fe/H] = -0.4, as this is precisely the most frequent value. On the other hand, the metallicities obtained by using Bressan et al. (2012) isochrones are distributed over different values in the same metallicity range. In this case, the metallicity ECDF is represented by a smoother curve and the metallicity mode is equal to -0.36. The difference between this value and the above mentioned -0.4 exceeds the mean metallicity error as a consequence of the procedures used to estimate the metallicities from isochrone fittings.
Age distributions
The age histograms and age ECDFs for different LMC cluster samples are shown in Figure 3 . In the upper panel (a), S0 and S2 samples are represented by empty bars and dashed bars, respectively. It can be clearly seen that the ages at which these two distributions reach their peak values are different. Indeed, the corresponding age of the S2 peak distribution is about 1.90 Gyr larger than that of S0. However, the shapes of these two distributions are fairly similar, since their skewness values are nearly the same. Indeed, while 67% of the clusters in S2 are younger than 1 Gyr, this percentage in the full cluster sample S0 rises to 90%. This difference may result from the differing selection of targets made for each sample. In fact, most of the clusters included in S0, for example, have been studied by Pietrzyński & Udalski (2000) and Glatt et al. (2010) who selected clusters younger than 1 Gyr. The age shift could also be partially reflecting the fact that cluster ages in S1 and S3 were estimated only from Washington photometric data, while those in S0 were obtained using different photometric systems (UBV, Washington, etc.). Age dispersions are also different, being 10% larger in S0 than in S2. To quantify this difference, we performed a test for the ratio of variances of these two distributions, thus obtaining a difference of 1 to a statistical significance level of 95%. In the lower panel (b) of Fig. 3 , different age ECDFs are shown. In the inset plot, the age error distributions for S1 and S3 samples are presented. Note that the age uncertainties are clearly smaller in the S1 sample. Indeed, 80% of S1 clusters have uncertainties lower than 0.08 Gyr, while the lower tail of the uncertainties in the S3 sample reaches 0.3 Gyr. The mean values of these two distributions differ by 0.06 Gyr, which implies that the mean age uncertainty in S3 is more than twice the value of S1. A KS-test rejects the possibility that both distributions are consistent with a p-value of 0.003.
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Age and characteristics of single and multiple star clusters
We also examined the differences existing between the ages of single and multiple systems in the LMC. According to Dieball et al. (2002) , multiple systems appear to be formed by close pairs or more clusters on the plane of the sky due to projection effects. In panel (a) of Figure 4 , the ECDFs for multiple (dashed dotted line) and single SCs (dotted line) are plotted. The corresponding age histograms as well as the kernel density estimations for these two distributions are also shown in the inset panel (b). It can be clearly seen in Fig. 4 that single LMC SCs are typically older than multiple SCs. This difference is reflected both in the means and the shapes of the distributions. The Welch t-test (Welch 1947) , designed to test if two samples have the same mean, is more reliable than the Student t-test applied when the two samples have different sizes and unknown variances which are suspected of being also different. We used the Student-test to measure the difference in the age values of single and multiple systems. We found that the statistic for the difference of the sample means belongs to the confidence interval (0.11, 0.37) to a statistical significance level of 95%. The mean age values are 0.48 and 0.27 Gyr for single and multiple star cluster samples, respectively. The F-test (Snedecor & Cochran 1989 ) is useful to determine if two populations have similar dispersions. The F-test uses the ratio of the sample variances as the test statistic, which follows an F distribution and thus permits testing the hypothesis that the ratio of the variances equals one. Although the variance for the sample of single SCs is approximately 40% larger than that of multiple SCs, the F statistic for the quotient of the variances is not conclusive when discarding the null hypothesis of the variances being equal (v 1 /v 2 = 1.43, p = 0.132). Besides, both multiple and single SCs exhibit asymmetrical distributions in log(age), the latter being slightly more asymmetric than that of the multiple SCs. This is quantified by the skewness values of -0.212 and -0.196 obtained for single and multiple SCs, respectively, meaning that the tail of older clusters appears to be flatter and falls more abruptly. In spite of the distribution shapes appearing wide, kurtosis values are 2.42 and 3.02 for simple and multiple SCs, respectively. These values indicate that the tails of the distributions are truncated with respect to a Gaussian distribution.
The kernel density estimations of the two age distributions are also shown in panel (b) of Fig. 4 . This does not depend on the bin size used to build the age histogram and contributes to enhance the distribution asymmetry, especially for single SCs.
Age determinations with different models
The ages resulting from isochrone fittings when different models of the Padova group are used will now be compared. We will call the ages estimated using Girardi et al. (2002) and Bressan et al. (2012) models t G and t B , respectively. In order to compare the resulting ages in these two cases, we show the relation existing between both age determinations in panels (a) and (b) of Fig.  5 . In panels (c) and (d) of the same figure, the age ECDFs and the cumulative distributions of age determination uncertainties are respectively presented. As shown in the upper panel (a), if a logarithmic age relation is adopted, the differences between the resulting ages when one or the other set of isochrones is used are not very noticeable. A linear fit in panel (a) yields a slope α = 0.98, slightly smaller than α = 1, which would correspond to the absence of a systematic differences between the two models. However, differences in some objects arise when the ratio of age determinations is considered. Panel (b) exhibits the behaviour as a function of age of the ratio t B /t G between ages derived using these two models. Pietrzyński et al. (1998 Pietrzyński et al. ( , 1999 ; (BSDL): Bica et al. (1999) . (b) Obtained from Bica et al. (2008) A&A proofs: manuscript no. paper 
